Introduction {#s1}
============

Following Bliss, a physician with Tourette syndrome (TS), describing his own experience of sensory phenomena as "unfulfilled sensations that precede, accompany, and follow tics" in 1992 ([@B1]), many studies have revealed that premonitory urges are common phenomena in individuals with TS ([@B1]--[@B5]). Recently, premonitory urges have been examined in relation to tic suppressibility. Premonitory urges are often assessed by using the Premonitory Urge for Tics Scale (PUTS) ([@B3]). Using PUTS, three studies showed that premonitory urges did not correlate with tic suppressibility. Ganos et al. did not find a correlation between tic suppression ability and PUTS in 15 adults with TS ([@B6]), neither did Müller-Vahl et al., in 22 adults with TS ([@B7]). Conelea et al. examined predictors of tic suppressibility in 99 youth with tic disorders and did not find a significant correlation between tic suppressibility and PUTS ([@B8]). These three studies assessed tic suppressibility by comparing the tic frequency in "free tic" (no suppression) *vs*. "tic suppression" (instructed to maximally suppress their tics) conditions. In addition, Banaschewski and colleagues assessed the tic suppression ability of 254 children and adolescents with TS, and asked whether they felt a pre-sensation immediately before tics. Only 37% of patients with TS reported premonitory urges; however, 64% reported that they could suppress tics ([@B9]). Moreover, Woods et al. found no positive correlation between the nine-item PUTS total score and the self-reported tic suppressibility (PUTS item 10) in youth with TS, when they developed the PUTS scale ([@B3]), while dropping item 10 to calculate the total PUTS score. These studies indicate that premonitory urges are not necessary prerequisites for tic suppression.

However, awareness of premonitory urges seems to facilitate tic control in behavioral therapy. Awareness training for the premonitory urge is an essential technique in Habit Reversal Training (HRT). HRT is a core component of the Comprehensive Behavioral Intervention for Tics (CBIT), and CBIT has been proved effective for reducing tic symptoms in a large randomized control study in children and adolescents ([@B10]), and adults ([@B11]). Indeed, 18% of the 132 participants with TS reported that awareness of the premonitory urge helped them suppress their tics ([@B2]). Himle et al. evaluated the real-time subjective premonitory urge strength using the "urge thermometer" and investigated its relationship with tic suppression in five children and adolescents with TS ([@B12]). One out of five participants could not suppress her tic symptoms in the reinforced tic suppression conditions compared to the baseline conditions, while a relatively stable and low premonitory urge was observed during both base-line and tic suppression conditions. The other four participants suppressed their tics in the tic suppression conditions and reported a higher premonitory urge compared to the female participant during both conditions. In addition, Raines et al. found modest positive correlations with the nine-item PUTS total scores and self-reported tic suppressibility (PUTS item 10) in youth with TS ([@B13]). These studies imply that awareness of premonitory urge may facilitate tic suppression.

Inconsistent results may rise from a large variety of tic-associated sensations. As noted above, many studies evaluated premonitory urges by using the PUTS ([@B3], [@B6]--[@B8], [@B13]). The PUTS is a brief self-reported scale with good internal consistency, temporal stability, and concurrent validity in children and adolescents ([@B3], [@B13]), and adults ([@B14]), and with a good convergent validity in adults ([@B15]). Prior studies conducted a factor analysis of PUTS and indicated a unidimensional structure ([@B3], [@B14]), two structures ([@B13]), or three structures ([@B15]). Brandt et al. conducted a factor analysis, which included the 10 PUTS scores and an average real-time subjective premonitory urge intensity score during 5-min experiments ([@B15]), and showed three factors: one appearing to measure the urge intensity; one sensory quality of urges; and one subjective control. This suggests that PUTS might assess more than one dimension and it may be worthwhile exploring its different subscales. Raines found similar structures for PUTS and suggested that one factor represents the specific urge qualities while another represents the general urge experiences ([@B13]). Brandt et al. emphasized the need to investigate the underlying dimensions of premonitory urges in future studies ([@B15]).

Therefore, we aimed to explore the dimensions of tic-associated sensations and examine their relationship with tic suppression. First, we conducted a factor analysis of PUTS and explored the dimensions of the premonitory urge. Inconsistent findings of dimensions of premonitory urge have made it difficult to comprehend the underlying dimensions of tic-associated sensations. Second, we developed a new questionnaire to assess the other two aspects of tic-associated sensations, which PUTS does not assess, and examined the relationship with the tic suppression ability. PUTS of nine items includes six items for describing the different sensory qualities of urge, such as itchiness and tense of energy (item 1--6), and two items for describing how frequent the urges come with their tics (item 7 and 8), as well as the patients' relief experienced following an executed tic (item 9) ([@B3]). Although PUTS is a commonly used scale for the tic-associated detail quality of sensory phenomena description, we also propose two additional important aspects of tic-associated sensations, including the somatosensory hyperawareness severity (rumination about sensation) and the ability to identify signals of emerging tics (premonitory awareness).

We focused not only on the pre-tic sensations but also on the ruminative tic-associated sensations, which may last following the tics. Kane, a graduate student with TS, noted that the term, "pre-tic" sensation is a misnomer as the TS feeling is acute and omnipresent ([@B16]). Kane also described the tic-associated sensations as "enduring somatosensory bombardment" and "somatosensory hyper attention." As noted above, Bliss described his sensory phenomena as "unfulfilled sensations that precede, accompany, and follow tics" and did not focus only on the pre-tic sensation ([@B1]). However, following Leckman et al., using the term "premonitory urge" ([@B2]), many researchers have focused only on the pre-tic sensations ([@B3]--[@B9]) while underestimating the ruminative tic-associated sensations that may last even after the tics. The University of São Paulo Sensory Phenomena Scale (USP-SPS) evaluates sensory phenomena occurring before or during the performance of repetitive behaviors ([@B17]). Although USP-SPS includes broader sensory phenomena including the premonitory urge, the scale was first developed to assess the sensory phenomena in OCD and includes the sensory phenomena before compulsions ([@B17]). Therefore, we created a new scale to assess the somatosensory hyperawareness severity associated with tic symptoms, evaluated by how individuals with TS ruminate the tic-associated sensations (rumination about sensation). This ruminative sensation may be affected by obsessive-compulsive symptoms, as previous studies reported that obsessive-compulsive symptoms correlate with premonitory urges ([@B3], [@B5], [@B18]).

The second additional aspect of tic-associated sensation is the ability of signal identification for the emerging tics (premonitory awareness). Some individuals with TS have noted that they can tell when a tic will occur and suppress it before it emerges; however, they do not feel any specific sensation. Indeed, Banaschewske et al. showed that several participants could suppress tics without reporting the premonitory urge ([@B9]). During HRT, practitioners encouraged patients to identify signals for the emerging tics to initiate a competing response before the tic's emergence ([@B11]). We assumed this signal of emerging tics to be related to the tic suppression ability.

Therefore, we created a new scale to assess the two aspects of tic-associated sensation (premonitory awareness and rumination about sensation). We also examined each trait concerning the tic suppression ability. We hypothesized that premonitory awareness correlates significantly with the tic suppression. In contrast, we hypothesized that PUTS is not related to the tic suppression ability, as previously reported ([@B6]--[@B8]), but correlates with the obsessive-compulsive symptoms, consistent with other reports ([@B3], [@B5], [@B18]). We hypothesize that rumination about sensation correlates with PUTS and obsessive-compulsive symptoms, and does not correlate with the tic suppression ability.

Methods {#s2}
=======

Participants {#s2_1}
------------

Participants were recruited from 2013 to 2016 in three steps ([**Figure 1**](#f1){ref-type="fig"}). First, 59 patients with TS aged between 9 and 30 and their parents were recruited from the University of Tokyo Hospital from 2013 to 2014. Out of these, 26 patients with TS (44%) and the child participants' parents participated following a full explanation of the study. Second, under the approval of the Tourette syndrome Association of Japan (TSAJ), 154 questionnaires were mailed to TSAJ members; consequently, 32 questionnaires (21%) returned from individuals with tic disorders and their parents. Third, 45 participants with TS aged between 13 and 53 were recruited from the University of Tokyo Hospital, from 2015 to 2016. Of these participants, 22 patients with TS (49%) participated following a full explanation of the study. Patients from the University of Tokyo Hospital had been diagnosed with TS according to the Diagnostic and Statistical Manual, Fourth Edition, Text Revision (DSM-IV-TR) criteria by a child psychiatrist ([@B19]). We excluded participants under the age of 10 years. For participants from TSAJ members, we excluded questionnaires that did not report a TS diagnosis. In addition, four clinic participants answered the questionnaire twice; consequently, we excluded the 2^nd^ questionnaire. Taken together, a total of 62 questionnaires were analyzed (43 clinic participants and 19 non-clinic participants; 50 men, 12 women, mean age = 19.2 years, *SD* = 10.3 years, range = 10--53 years). For the TSAJ participants and 22 of the clinic participants, their parents also answered a questionnaire, including the TSSR and diagnostic information (n = 41). We also evaluated YGTSS ([@B20]) for 41 participants recruited from the hospital. Regarding the clinic participants, written informed consent was obtained from the adults and parents of participating children, and assent was obtained from the children. For non-clinic participants, a response to the questionnaire that included a full explanation of the study was recognized as informed consent. The institutional ethical committee of the University of Tokyo Hospital approved the study protocol.

![Participants flow-chart.](fpsyt-11-00592-g001){#f1}

Measures {#s2_2}
--------

The questionnaire consisted of RASTS, the Tic Suppression Scale, PUTS, and LOI-CV for participants with TS and TSSR, and diagnostic information for the parents of the participants with TS. YGTSS was evaluated for the participants from the hospital.

### Rumination and Awareness Scale for Tic-Associated Sensations {#s2_2_1}

This scale was designed to assess the two distinct aspects of the tic-associated sensation. We developed RASTS as follows: a set of questions were developed based on the clinical interviews with patients, consultation with experts, and a review of the relevant literature regarding the premonitory awareness and rumination about sensation. We referred to a negative rumination scale ([@B21]) in order to develop items evaluating somatosensory hyper-awareness severity. Participants answered 14 items (7 items for each; see [**Supplementary Material**](#SM1){ref-type="supplementary-material"}), and each item was scored from 0 to 5. To facilitate the participants in recalling their tic-associated sensations, they first completed the PUTS, in which detailed examples of description of tic-associated sensations were described.

### The Tic Suppression Scale {#s2_2_2}

We used a list of questions that addressed the three aspects of the tic suppression (see [**Supplementary Material**](#SM1){ref-type="supplementary-material"}) as follows: frequency (three items; Cronbach's *α* = 0.87), suppression ability (six items; Cronbach's *α* = 0.92), and subjective discomfort (three items; Cronbach's α = 0.87). Participants responded using a 4-point Likert-type scale ranging from 0 to 3. These items were also used in our previous study ([@B22]), except for the tic suppression ability which was improved by adding four extra items that evaluated the distinct tic suppression ability aspects in this study. The validity and usefulness of the Japanese version of the Tic Suppression Scale was tested by demonstrating a negative correlation with a motor tic interference scale of the YGTSS and a positive correlation with overall satisfaction with tic control ([@B23]).

### Premonitory Urge for Tics Scale {#s2_2_3}

The PUTS is a nine-item self-reported scale that measures the sensations before the emergence of tics, and each item is scored from 1 to 4 ([@B3]). The total score (range: 9--36) is obtained by summing all of the nine items. The Japanese version of the scale was designed using rigorous methods, including translation and back translation, and with sufficient internal and concurrent validity ([@B18]).

### The Yale Global Tic Symptoms Scale {#s2_2_4}

The presence and severity of tics were evaluated in the recruited clinic participants using the Japanese version of the Yale Global Tic Symptoms Scale (YGTSS) ([@B20]). This version has previously been proven valid and reliable ([@B24]). On this scale, the motor and vocal tics were evaluated separately (0--25) on 5 ordinal scales, and a total tic symptom score was obtained by summing the individual scores (0--50). The current impairment due to tics was additionally assessed (0--50). The global severity score was determined (0--100) as the sum of the total tics score and the impairment score.

### The Tic Symptom Self Report {#s2_2_5}

The Tic Symptom Self Report (TSSR) is a 40-item self- or parent-rated scale measuring the tic severity, with items scored from 0 to 3. We adopted the parent-rated version ([@B25]). Participants rated the frequency and intensity of the list of symptoms (20 for motor tics and 20 for vocal tics); then, a summed tic severity score was calculated (0 to 120). The validity and usefulness of the Japanese version of the TSSR was tested by demonstrating a high correlation with the YGTSS ([@B26]). We used the TSSR to only compare the tic symptoms between the clinic patients and the TSAJ members.

### The Leyton Obsessional Inventory Child Version {#s2_2_6}

The Leyton Obsessional Inventory Child Version (LOI-CV) is a self-reported 20-item scale measuring the severity of obsessive-compulsive symptoms ([@B27]). In this inventory, participants report whether they experience any of the 20 symptoms that have been previously reported, as well as how these symptoms interfere with their daily activities. Both the validity and reliability of the Japanese version of the LOI-CV have been demonstrated ([@B28]).

Other characteristics, including the participants' age, sex, diagnoses of TS, attention deficit hyperactive disorder (ADHD), and obsessive-compulsive disorder (OCD) was obtained from the parents' reported questionnaire for the participants from TSAJ. For the participants recruited in the hospital, comorbid OCD and ADHD were diagnosed based on the DSM-IV-TR criteria, as in the case of TS ([@B19]).

Statistical Analysis {#s2_3}
--------------------

Statistical analyses were performed using the SPSS software version 25.0. Differences were considered statistically significant if *p \<*0.05. Exploratory factor analysis for the RASTS was conducted. In addition, we conducted an exploratory factor analysis to explore the PUTS dimensions. Spearman's rank correlation coefficients were calculated to examine the relationships between each clinical characteristic, as some scales were not normally distributed, including the premonitory awareness, rumination about sensation, tic suppression frequency, and subjective discomfort according to the Shapiro-Wilk's normality test ([@B29]). We applied Bonferroni corrections for multiple comparisons. To examine the relationship between the three scales of tic-associated sensation (PUTS, premonitory awareness, and rumination about sensation) and tic suppression ability, the significance level was divided by three (*p \<*0.017). To examine the relationship between the three tic-associated sensation scales and the obsessive-compulsive symptoms, the significance level was further divided by three (*p \<*0.017). Missing values were replaced by estimated values calculated by regression analysis using other items on the scale. We conducted a factor analysis of PUTS and Spearman's rank correlation by the age group (children and adolescents for age ≤17 and adult for age ≥18) to find the possible effect of age. To explore the effect of comorbid disorders, we conducted a correlation analysis of tic suppression and tic-associated sensations by the two groups (participants without comorbid disorders or participants with ADHD or OCD).

Results {#s3}
=======

There was no significant difference in the tic severity (evaluated by the TSSR) between the clinical participants (mean = 13.4, *SD* = 9.3) and TSAJ members (mean = 18.8, *SD* = 12.1, *t* (39) = --1.64, *p* = 0.11). Therefore, we did not separate the clinical participants and TSAJ members in the following analysis. [**Table 1**](#T1){ref-type="table"} describes the participants' demographic and clinical data for the total group, the children and adolescent group, and the adult group. There were no significant differences in the PUTS, two RASTS scales, LOI-CV, total tic symptom score, and the global severity score of YGTSS between the children and adolescent participants and the adult participants, when using the t-test. Impairment scores of YGTSS and the ability to suppress tics were higher in the adult group compared to the children and adolescent group (*t* (39) = --2.4, *p* = 0.02, *t* (60) = --2.8, *p* = 0.007, respectively). Gender differences and comorbid disorders (ADHD and OCD) were compared between the two groups using the chi-square test, which indicated no significant differences (*p* = 0.24--0.51).

###### 

Demographic and clinical data for the participants.

                                                                                           Total    Children and adolescents   Adults                                                
  ---------------------------------------------------------- ----------------------------- -------- -------------------------- -------- -------- -------- -------- -------- -------- --------
  Age                                                        19.2                          (10.3)   10--53                     12.9     (2.4)    10--17   28.5     (10.5)   18--53   
  PUTS                                                       21.9                          (6.9)    9--35                      21.2     (6.9)    9--34    22.9     (6.9)    10--35   
  Rumination and Awareness Scale for tic-related sensation                                                                                                                           
                                                             Rumination about sensation    2.3      (1.6)                      0--5     2.3      (1.6)    0--5     2.2      (1.6)    0--5
                                                             Premonitory awareness         3.6      (1.3)                      0.6--5   3.4      (1.4)    0.6--5   3.8      (1.3)    1--5
  Tic Suppression Scale                                                                                                                                                              
                                                             Frequency to suppress         1.6      (0.9)                      0--3     1.4      (0.9)    0--3     1.9      (0.8)    0.3--3
                                                             Ability to suppress           1.5      (0.8)                      0--3     1.3      (0.8)    0--2.8   1.8      (0.7)    0.4--3
                                                             Discomfort from suppression   1.9      (0.9)                      0--3     1.8      (0.9)    0--3     1.9      (0.9)    0--3
  YGTSS                                                                                                                                                                              
                                                             Tic symptoms                  21.1     (7.7)                      5--37    19.4     (7.2)    5--30    23.4     (7.8)    11--37
                                                             Impairments                   19.0     (10.7)                     0--40    15.7     (9.0)    0--30    23.3     (11.4)   0--40
  LOI-CV                                                     22.7                          (13.5)   2--53                      22.2     (13.8)   4--53    24.1     (13.1)   2--43    
  TSSR                                                       15.9                          (10.9)   0--40                      16.2     (11.0)   0--40    14.9     (11.2)   2--30    
  Gender distribution (male/female)                          50/12                                  31/6                                19/6                                         
  Comorbidity                                                                                                                                                                        
                                                             OCD                           15       24%                                 7        19%               8        32%      
                                                             ADHD                          17       27%                                 9        24%               8        32%      

n = 62 for total (n = 37 for the children and adolescents, n = 25 for adults), n = 41 for YGTSS, LOI-CV, TSSR.

Factor Analysis for Rumination and Awareness Scale for Tic-Associated Sensations {#s3_1}
--------------------------------------------------------------------------------

An exploratory factor analysis (maximum likelihood method: MLM) with an oblique rotation method was conducted to determine the factor structure of the 14 items of RASTS. Consideration of the criteria of the absolute value of the eigenvalues, visual screening test, and theoretical interpretability of the factors suggested a two-factor solution. One primary factor accounted for 34.4% of the variance in the data and another factor accounted for an additional 22.3% of the variance. Therefore, we conducted an MLM factor analysis in which we specified a two-factor solution. Items were removed according to the following criteria: a) items should exceed 0.4 on the corresponding factor and b) items should not exceed 0.25 on another factor. Consequently, three items were removed from the RASTS as they did not meet these criteria (items 8, 9, and 11). Another MLM exploratory factor analysis with oblique rotation was conducted with the remaining 11 items, where 2 factors accounted for 39.2 and 25.6% of the variance, respectively, and 64.8% of the variance cumulatively. The first factor with six items was labeled "rumination about sensation" and the second factor with five items was labeled "premonitory awareness" ([**Table 2**](#T2){ref-type="table"}). Both measures indicated adequate internal consistency, with Cronbach's *α* = 0.91 for the rumination about sensation (*α* = 0.91 both in the young and adult sample) and Cronbach's *α* = 0.79 for premonitory awareness (*α* = 0.80 in the young sample and *α* = 0.79 in the adult sample). The correlation between the two factors was measured at −0.03 (*p* = 0.83).

###### 

Factor analysis of Rumination and Awareness Scale for tic-associated sensations (RASTS).

  Item                                                                                             Mean (SD)   Factor 1   Factor 2        
  ------------------------------------------------------------------------------------------------ ----------- ---------- --------------- -------
  Rumination about sensation                                                                                                              
  12\. Sometimes, I just keep feeling bothered by the sensation for over 30 min without a break.   1.69        (1.98)     0.88            −0.08
  14\. Often, I just can't stop focusing on a sensation.                                           2.06        (2.00)     0.87            0.05
  10\. Sometimes, I feel bothered by a sensation all day long.                                     1.50        (1.85)     0.82            −0.06
  4\. Once the sensation has emerged, I will just keep being bothered by it.                       2.71        (1.95)     0.75            −0.01
  6\. Sometimes, I focus on the sensation for dozens of minutes.                                   2.40        (1.91)     0.75            −0.02
  1\. After the sensation emerges, I'm likely to be bothered by it repeatedly, again and again.    3.18        (1.60)     0.67            0.10
  Mean                                                                                             2.26        (1.57)     Range: 0--5     
  Premonitory awareness                                                                                                                   
  13\. I notice tics before they appear, tics do not happen automatically.                         3.52        (1.85)     0.08            0.94
  5\. Before I experience a tic, I know what kind of tic it will be.                               3.74        (1.74)     0.11            0.67
  2\. When the tic is about to appear, I can often notice it.                                      4.03        (1.41)     0.14            0.64
  7\*. I often experience a tic without noticing it.                                               3.39        (1.99)     −0.21           0.61
  3\*. In some cases, I don't notice that the tic has appeared.                                    3.27        (1.92)     −0.21           0.49
  Mean                                                                                             3.59        (1.33)     Range: 0.6--5   

The refined 11-item Rumination and Awareness Scale for tic-associated sensations (RASTS) is presented here, with three items were removed; n = 48; factors were extracted using maximum likelihood method (MLM) analysis with Oblique rotation. Items are presented with their loadings onto their assigned factor.

\*Items for reverse scoring.

Factor Analysis for Premonitory Urge for Tics Scale {#s3_2}
---------------------------------------------------

Cronbach's α across nine items of the PUTS were acceptable in the total sample (α = 0.85), young sample (α = 0.85), and adult sample (α = 0.87). An exploratory factor analysis (maximum likelihood method) with an oblique rotation method was conducted to determine the factor structure of the nine items of PUTS, indicating three factors. One factor accounted for 36.4% of the variance, two factors accounted for 56.4% of the variance, and three factors accounted for 65.2% of the variance. For total participants, items 1, 2, and 3 loaded on the first factor, items 1, 7, and 8 loaded on the second factor, and items 4, 5, and 9 loaded on the third factor. The same exploratory factor analysis was conducted for the young participant group and the adult participant group, resulting in a similar result ([**Table 3**](#T3){ref-type="table"}). For the young sample, items 1, 2, and 3 loaded on the first factor, items 1, 7, and 8 loaded on the second factor, and items 4, 5, and 9 loaded on the third factor. For the adult group, items 1, 2, and 3 loaded on the first factor, items 7 and 8 loaded on the second factor, and items 1, 4, 5, and 9 loaded on the third factor.

###### 

Factor analysis of Premonitory Urge for Tics Scale (PUTS).

                                                                                                                                                                                Total      Children and adolescent group   Adult group                                                          
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------- ------------------------------- ------------- ---------- ---------- ---------- ---------- ---------- ----------
  Item 1 Right before I do a tic, I feel like my insides are itchy.                                                                                                             **0.48**   **0.40**                        −0.03         **0.44**   **0.54**   −0.12      **0.43**   −0.02      **0.40**
  Item 2 Right before I do a tic, I feel pressure inside my brain or body.                                                                                                      **0.79**   0.08                            −0.11         **0.74**   0.18       −0.07      **0.79**   −0.09      −0.05
  Item 3 Right before I do a tic, I feel "wound up" or tense inside.                                                                                                            **1.03**   −0.18                           0.03          **1.07**   −0.20      0.07       **1.08**   0.06       −0.22
  Item4 Right before I do a tic, I feel like something is not "just right."                                                                                                     −0.02      0.05                            **0.82**      −0.07      0.11       **0.77**   0.09       −0.05      **0.89**
  Item 5 Right before I do a tic, I feel like something isn't complete.                                                                                                         0.03       0.09                            **0.92**      0.06       0.09       **0.93**   0.08       0.19       **0.78**
  Item 6 Right before I do a tic, I feel like there is energy in my body that needs to get out.                                                                                 0.16       0.29                            0.15          0.18       0.30       0.16       0.07       0.23       0.30
  Item 7 I have these feelings almost all the time before I do a tic.                                                                                                           0.03       **0.86**                        0.06          −0.02      **1.00**   0.02       0.01       **1.04**   −0.07
  Item 8 These feelings happen for every tic I have.                                                                                                                            −0.10      **0.96**                        −0.10         −0.08      **0.76**   0.04       −0.08      **0.76**   0.12
  Item 9 After I do the tic, the itchiness, energy, pressure, tense feelings, or feelings that something isn't "just right" or complete go away, at least for a little while.   −0.08      −0.11                           **0.55**      −0.01      −0.10      **0.61**   −0.27      −0.01      **0.52**

Total, n = 62; for children and adolescents, n = 37; for adult, n = 25. The largest loading factors are written in bold font.

Correlation Between Premonitory Urge and Rumination and Awareness Scale for Tic-Associated Sensations {#s3_3}
-----------------------------------------------------------------------------------------------------

The rumination about sensation and the three subscales of the PUTS score and total PUTS score significantly correlated with each other, while there were no significant correlations between the premonitory awareness and other tic-associated sensation scales (rumination about sensation, three subscales of PUTS score, or PUTS total scores) ([**Table 4**](#T4){ref-type="table"}). The rumination about sensation and PUTS scores were significantly correlated with the LOI-CV score (*ρ* = .50, *p* \<.001; *ρ* = .52, *p* \<.001, respectively), while the premonitory awareness score did not correlate with the LOI-CV score (*ρ* = .11, *p* = .50). In addition, the rumination about sensation and PUTS scores were significantly correlated with YGTSS total tic symptom score (*ρ* = .35, *p* = .02; *ρ* = .32, *p* = .04, respectively), while the premonitory awareness score was not correlated with the YGTSS total tic symptom score (*ρ* = −.21, *p* = .18). These correlation analyses were conducted in the adult and the young group separately, and they exhibited similar correlation patterns.

###### 

Spearman's Correlation between Premonitory Urge for Tics Scale (PUTS) and Rumination and Awareness Scale for tic-associated sensations (RASTS).

                               Rumination about sensation   PUTS        PUTS        PUTS        PUTS        LOI-CV      Age     YGTSS     YGTSS
  ---------------------------- ---------------------------- ----------- ----------- ----------- ----------- ----------- ------- --------- ---------
  Premonitory awareness        −.03                         .00         −.09        .02         .10         .11         .28\*   −.21      −.19
  Rumination about sensation                                .72\*\*\*   .49\*\*\*   .64\*\*\*   .59\*\*\*   .50\*\*\*   −.11    .35\*     .29
  PUTS total                                                            .73\*\*\*   .84\*\*\*   .82\*\*\*   .52\*\*\*   .08     .32\*     .38\*
  PUTS physical                                                                     .48\*\*\*   .33\*\*     .48\*\*     .07     .17       .25
  PUTS intensity                                                                                .62\*\*\*   .37\*       .03     .25       .34\*
  PUTS just right                                                                                           .41\*\*     .14     .45\*\*   .41\*\*
  LOI-CV                                                                                                                .17     .28       .18
  Age                                                                                                                           .10       .21

For LOI-CV and YGTSS, n = 41; for items expect for LOI-CV and YGTSS, n = 62.

PUTS, Premonitory Urge for Tics Scale; LOI-CV, Leyton Obsessional Inventory Child Version; RASTS, Rumination and Awareness Scale for tic-associated sensations.

\*p \< 0.05, \*\*p \< 0.01, \*\*\*p \< 0.001.

Correlation Between Tic Suppression and Premonitory Urge and Rumination and Awareness Scale for Tic-Associated Sensations {#s3_4}
-------------------------------------------------------------------------------------------------------------------------

The premonitory awareness score was significantly correlated with the tic suppression ability (*ρ* = .34, *p* = 0.008). The rumination about sensation and PUTS scores did not correlate with the tic suppression ability (*ρ* = --.25, *p* = .052; *ρ* = --.22, *p* = .09, respectively), consistent with our hypothesis ([**Table 5**](#T5){ref-type="table"}). In the young group, the premonitory awareness score was significantly correlated with the tic suppression ability (*ρ* = .39, *p* = .019). However, the premonitory awareness score was not significantly correlated with the tic suppression ability in the adult group (*ρ* = .19, *p* = .38). [**Figure 2**](#f2){ref-type="fig"} shows the scatter plot of the relationship between the premonitory awareness and rumination about sensation and the tic suppression ability for the adult and young groups. In the groups without OCD or ADHD (*n* = 37), rumination about sensation and PUTS scores significantly correlated negatively with the tic suppression ability (*ρ* = --.41, *p* = .012; *ρ* = --.40, *p* = .015, respectively), and the premonitory awareness correlated with tic suppression ability (*ρ* = .36, *p* = .028) although p score was slightly higher than 0.017 (modified significant level). In the group with ADHD or OCD diagnosis (*n* = 25), the PUTS, premonitory awareness, and rumination about sensation did not correlate with the tic suppression ability (*p* = .17\~.99).

###### 

Spearman's correlation between tic-associated sensations and tic suppressibility.

                                                       Tic suppression scale                            
  ---------------------------- ----------------------- ----------------------- ----------- ------------ -----
  Total                        Premonitory awareness   .12                     .34\*\*     −.21         .04
  Rumination about sensation   .33\*\*                 −.25                    .56\*\*\*   −.38\*\*     
  PUTS total                   .30\*                   −.22                    .61\*\*\*   −.36\*\*     
  Children and adolescents     Premonitory awareness   .06                     .39\*       −.25         .09
  Rumination about sensation   .25                     −.31                    .54\*\*\*   −.53\*\*\*   
  PUTS total                   .28                     −.30                    .55\*\*\*   −.45\*\*     
  Adult                        Premonitory awareness   .17                     .19         −.23         .00
  Rumination about sensation   .40                     −.09                    .63\*\*\*   −.14         
  PUTS total                   .27                     −.12                    .66\*\*\*   −.23         

Total, n = 62; for children and adolescent group, n = 37; for adult group, n = 25.

PUTS, Premonitory Urge for Tics Scale, \* p \< 0.05, \*\*p \< 0.01, \*\*\*p \< 0.001.

![Premonitory Awareness and Tic Suppression ability. ●, Children and adolescents, straight line (---) is for regression line in children and adolescent, dot line (- - -) is for regression line in adult participants ○, Adults. Regression line in adult participants.](fpsyt-11-00592-g002){#f2}

Discussion {#s4}
==========

Premonitory Urge in Japanese Participants {#s4_1}
-----------------------------------------

Premonitory urge in Tourette syndrome has not been fully investigated in Asia. The PUTS score of our result was 21.9 out of 36 (21.2 for children and adolescents and 22.9 for adults). This score is similar to the initial report (18.5 for children and adolescents) ([@B3]) and the following reports \[19.6 for children and adolescents, ([@B13]), 21.5 for adults, ([@B14])\], which are reported in the USA. Moreover, this score is similar to a previous Japanese study (18.6 for children and adolescents and adults) ([@B18]). Consistent with previous reports ([@B3], [@B14], [@B18]), our study showed a moderately positive correlation between the PUTS scores and the YGTSS total tic symptom score and obsessive-compulsive symptoms. These results indicate that Japanese individuals with TS feel similar premonitory urges compared to individuals with TS in Western cultures.

Dimensions of Tic-Associated Sensations {#s4_2}
---------------------------------------

Factor analysis of the 9 item PUTS revealed three factors, which is consistent with a previous study that conducted a factor analysis of the 10 item PUTS. Items loading on the first factor (items 1, 2, and 3) assess whether participants with TS feel "itchy," "pressure," or "tense" before a tic, potentially reflecting the physical quality of the premonitory sensations. Items loading on the second factor (items 7 and 8) assess the extent to which the participants had these "feelings almost all the time" before tics and "for every tic," which are related to the overall intensity of the premonitory urges. Item 1 also loaded on the first factor in the total group and the young group. Items loading on the third factor (items 4, 5, and 9) assess whether participants feel "not just right" or "something isn't complete" before a tic, or how much relief of sensation comes after the tic occurs. Our results showed that the first and second factors reflect the quality of the premonitory urge and the intensity of premonitory urges, respectively, similar to the previous factor analysis of PUTS ([@B13], [@B15]). In contrast to a previous study ([@B15]), our third factor also includes the just right sensation (items 4 and 5) in addition to the relief from the premonitory urge following the tic (item 9). This result may partly come from a different number of items that were used for the factor analysis. We used nine items of PUTS, consistent with the original version. Brandt et al. used all 10 items of PUTS and their original real-time urge intensity score ([@B15]) whereas Raines et al. used 8 items of PUTS while excluding item 9 ([@B13]).

Correlation analysis between PUTS and our newly created tic-associated sensations scale suggested that the three PUTS subscales and ruminative tendency toward tic-associated sensations correlated with each other; however, pre-tic awareness was not related to any other tic-associated sensations. Upon conducting an exploratory analysis, two items including the "sensation", were excluded from the premonitory awareness factor (item 9, "I experience more tics with a prior sensation than I do tics without warning," and item 11, "Often, I feel some kind of sensation before the tic appears."), and items not including the sensations but referring their awareness before the tics were retained. It indicates that individuals with TS do not have to feel any concrete sensations before tics to tell when their tic will occur.

Relation Between Tic-Associated Sensations and Tic Suppression Ability {#s4_3}
----------------------------------------------------------------------

Consistent with previous studies ([@B6]--[@B8]), PUTS scores were not correlated with tic suppression ability. PUTS scores were significantly correlated with obsessive-compulsive symptoms, consistent with previous reports ([@B3], [@B5], [@B18]). Rumination about tic-associated sensation was not correlated with the tic suppression ability but was significantly correlated with obsessive-compulsive symptoms. In the group of participants without ADHD nor OCD, PUTS and rumination about sensation was negatively correlated with the tic suppression ability. Therefore, we concluded that aversive tic-associated somatosensory experiences do not facilitate tic suppression or even make the tic suppression more difficult. In contrast, the ability to tell when tic will occur before participants experience tics was correlated positively with the tic suppression ability, and this awareness may help tic suppression.

When the analysis was conducted by the age group, the correlation between the premonitory awareness and tic suppression was significant only in the group with the TS children. An additional different relationship between the urges and tic suppression was observed in the different habituation of the premonitory urge in CBIT practice between the children and adults with TS ([@B30]). Houghton et al. examined the habituation of premonitory urge for the CBIT responders and the CBIT non-responders with chronic tic disorders and revealed that adult CBIT responders exhibited some degree of premonitory urge severity reductions; however, child CBIT responders failed to show any significant reduction in the premonitory urges ([@B30]). The authors partially explain these differences by hypothesizing on the development and maintenance of the premonitory urges. First, children with tics may fail to recognize the urges or experience them as non-aversive; however, as tics continue to occur and increase in severity, they result in aversive consequences i.e., their urges being associated with tics acquires aversive valence ([@B3], [@B30], [@B31]). We created a premonitory awareness scale to evaluate the more neutral aspects of tic-associated sensation. Indeed, premonitory awareness did not correlate with the tic severity and obsessive-compulsive symptoms, and the subjective discomfort from tic suppression. However, it may be possible that premonitory awareness gains aversive valence as participants get older, affecting the tic-suppression ability in older participants.

Limitation and Future Directions {#s4_4}
--------------------------------

Some limitations should be noted. First, the participants were recruited through only one specialty clinic for TS and related disorders or members of TSAJ, which may have led to biased and small sample size. Further, we included both pediatric and adult patients from the clinic. Although we divided all participants by age group and conducted the analyses by age group, the number of participants in each group was small. As Banaschewski et al. demonstrated, awareness of premonitory sensory phenomena develops with advancing age ([@B9]). Further studies with an increased number of participants for both children and adolescents are required to clarify the effect of developmental steps on the relationship between the tic-associated sensations and tic suppression. Second, we evaluated the tic suppression ability and premonitory awareness by using self-reported measures. We asked the participants to report RASTS and fill in the tic suppression questionnaire only once. Further studies are required to ensure test-retest reliability and concurrent validity to use the experimental evaluation of both the tic suppression ability and the ability to realize signals of emerging tics. Third, we recruited adult participants with TS mainly from the hospital, and this may lead to a possible confounding factor of the effect of age on the relationship between the tic-associated sensation and tic suppression. A higher percentage of ADHD in adults compared to children and adolescents may be caused due to this recruitment method. Fourth, we used the LOI-CV to evaluate the obsessive-compulsive symptoms. Although the relationship between the obsessive-compulsive symptoms and PUTS scores were consistent with those reported in previous studies, the results concerning obsessive-compulsive symptoms should be interpreted with caution. Further studies using Y-BOCS ([@B32]) to evaluate obsessive-compulsive symptoms are required.

In conclusion, to the best of our knowledge, this is the first study to examine the relationship between the tic suppression ability and the premonitory awareness and rumination about sensation. Premonitory awareness was not correlated with any other tic-associated sensations; conversely, PUTS and rumination about sensation correlated with each other. Our results indicate that the severity and frequency of tic-associated sensations (evaluated by PUTS and rumination about sensation) do not facilitate the tic suppression. In contrast, the awareness of signals for emerging tics facilitates the self-initiated tic suppression. This study provides additional insights into the mechanisms underlying the effectiveness of behavior therapy by clarifying two distinct aspects of tic-related somatosensory sensation that involve premonitory urges; repeated somatosensory phenomenon that is bothersome to individuals with TS and signals for emerging tics that may facilitate tic suppression in HRT. Future studies are required to examine these two distinct aspects of tic-associated sensations in the context of behavioral therapy.
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